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Description 

This invention relates to a phosphoric acid fuel 
cell power plant, and more particularly, to such a 
power plant which utilizes water entrained in the 
anode gas to cool the power section, and anode 
exhaust as a source of water for hydrocarbon fuel 
reforming. 

Background Art 

The power section of a fuel cell power plant 
will typically be cooled with a recirculating stream 
of water. The water will be fed through coolant 
passages in the power section and will be heated 
therein to a two phase water/steam mixture. The 
water/steam mixture leaving the power section will 
then be directed to a steam separator wherein the 
water and steam in the mixture will be separated 
from each other. The steam thus recovered will 
then be routed to the hydrocarbon gas reforming 
portion of the plant to serve as a reactant for the 
catalytic reforming of a raw hydrocarbon fuel to a 
hydrogen rich fuel gas suitable for use in the fuel 
cell anodes. This type of cooling system requires 
the use of the aforesaid steam separator, and also 
requires a water treatment subsystem since the 
water from the steam separator will be recirculated 
back through the cooling system. It also requires a 
separate network of coolant passages in the power 
section. 

It has also been proposed to cool fuel cell 
power plant power sections by evaporating a water 
constituent which has been entrained in a gas 
stream. The gas stream could be an air stream 
routed through a separate cooling passage section, 
or it could be one of the reactant gas streams. U.S. 
Patent No. 4,678,723 granted July 7, 1987 to R.J. 
Wertheim discloses one such system. In the sys- 
tem described in the aforesaid patent, water fog is 
injected into the cathode exhaust, which is then 
routed through a cooling section in the power sec- 
tion wherein the water is vaporized. The exhaust 
from the cooling section which contains water va- 
por is then fed into an autothermal reformer. 

In FR-A-2 301 106 a high pressure phosphoric 
acid fuel cell system is disclosed which is cooled 
by a mixture of water vapor and fuel entering the 
anode means. The anode exhaust is routed to the 
reformer and the reformer burner in order to pro- 
vide water for the reforming reaction and to provide 
heat for operating the reformer, respectively. 

Disclosure of Invention 

This invention relates to a phosphoric acid fuel 
cell power plant which has a conventionally fired 
reformer and wherein the power section cooling is 



provided by water injected into the anode gas 
stream exhaust, where the water is vaporized. The 
injected water will preferably take the form of water 
droplets and will be referred to hereinafter as a 

5 "fog". The water vapor - bearing anode exhaust is 
then split with some being routed to the burner in 
the reformer where it is combusted to provide heat 
for the reforming reaction. The rest of the anode 
exhaust is routed to the reformer inlet whereby it 

70 provides a source of water for the reformer reac- 
tion. The system of this invention does not require 
a network of separate cooling passages for the 
power section. The system of this invention has the 
same advantages of the system discussed in the 

75 aforesaid 4,678,723 patent, but it does not require 
using an autothermal reformer. Since the water 
used in the reforming reaction is not in the form of 
steam, the power section can be operated at higher 
internal pressures with resultant lower heat rates- 

20 and attendant increased efficiency. Increased pow- 
er density at lower cost is also provided. Slightly 
better cell performance results from the additional 
hydrogen found in the anode gas stream due to the 
use of the hydrogen-water vapor mixture used in 

25 the reforming process. The power section can be 
maintained in the range of 137.8 to 413.4 N«cm~ 2 
(200 psia to 600 psia) with a turbocompressor 
operated with a mixture of the reformer burner 
exhaust and the cathode exhaust. 

30 It is therefore an object of this invention to 

provide a fuel cell power plant assembly which can 
be operated at higher internal pressures and lower 
heat rates for increased efficiency. 

It is a further object of this invention to provide 

35 a power plant assembly of the character described 
which includes a conventional fired reformer. 

It is another object of this invention to provide 
a power plant of the character described which 
does not use steam as a source of water for the 

40 reforming process. 

These and other objects and advantages of the 
invention will become more readily apparent from 
the following detailed description of a preferred 
embodiment thereof when taken in conjunction with 

45 the accompanying drawing which is a schematic 
representation of a fuel cell power plant formed in 
accordance with the invention. 

Best Mode for Carrying Out the Invention 

50 

The power section 2, or stack of the power 
plant, where the electrochemical reaction occurs, 
has a cathode side 4 and an anode side 6. It will 
be appreciated that the power section 2 is formed 
55 from a plurality of fuel cells stacked one atop the 
other, and that each cell will have a cathode and an 
anode. Cathode and anode reactants are typically 
fed into the cells from manifolds on the sides of the 
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stack, with cross flow of the reactants occurring 
from one side inlet manifold to an opposite side 
outlet manifold. The cathode reactant will flow 
across the stack in one direction, and the anode 
reactant will flow across the stack in a direction, 
offset 90 ° from the cathode flow path. For conve- 
nience, the stack 2 is typically schematically repre- 
sented as shown in the drawing. Air, which pro- 
vides the oxygen reactant for the cathode side 4, 
enters the power plant through an air inlet line 8, 
and flows therefrom through a compressor 10 
which is operated by a turbine 12. The air is 
compressed to a pressure in the range of about 
137.8 Ncm" 2 (200 psi) to about 413.4 Ncm" 2 (600 
psi). A preferred operating pressure is about 275.6 
Ncm -2 (400 psi). The compressed air flows into the 
cathode side 4 via the cathode inlet line 14. 

A raw hydrocarbon fuel, such as methane, en- 
ters the system through line 16. The temperature 
of the incoming fuel is raised to about 316 "C 
(600 °F) in a heat exchanger 18, and the heated 
fuel then passes through line 20 and into the re- 
former vessel 22. The reformed hydrogen rich an- 
ode fuel leaves the reformer 22 via line 24 at a 
temperature of about 563 *C (1045 *F) and passes 
through the heat exchanger 18 where it gives off 
heat used to warm the incoming raw fuel. The 
temperature of the hydrogen rich fuel in the line 26 
is lowered to about 218* C (425 *F) by heat ex- 
changers 18, 28 and 30, wherein the fuel passes 
through a shift converter 32 where the carbon 
monoxide concentration is reduced to 0.7% on a 
dry basis. Finally, the hydrogen rich fuel gas enters 
the anode side 6 of the power section 2 through 
the anode inlet line 34. The water fog coolant is 
injected into the fuel flow stream of the anode side 
6 of the power section 2 through line 36. The water 
content of the fog coolant is vaporized in the anode 
side 6 to cool the power section 2 and to produce 
an anode exhaust stream in the outlet line 38 which 
anode exhaust stream contains un reacted hydro- 
gen and water vapor. The hydrogen/water vapor 
anode exhaust flows through heat exchanger 28 
and into line 40 at a temperature of about 384 *C 
(723 *F). From the line 40 the anode exhaust 
stream is split by a valve 42 so that about 47% 
thereof flows through line 44 into the reformer 22, 
and about 53% thereof flows through line 46 into 
the reformer burner 23 to be combusted therein to 
provide heat for operating the reformer 22. The 
water vapor in the stream in line 44 provides the 
water needed for the ongoing reforming reaction in 
the reformer 22. Exhaust gases from the reformer 
burner 23, which contain water vapor are routed 
through line 46 to valve 48 where the reformer 
burner exhaust gas is mixed with cathode exhaust 
from line 50. The cathode exhaust is a mixture of 
oxygen depleted air and entrained product water, 



which mixture is taken from the cathode side 4 of 
the power section 2 in a cathode exhaust line 52. 
The moist, oxygen depleted air is heated to a 
temperature of about 242 °C (468* F) in the heat 

5 exchanger 30 before entering the line 50. The 
mixture of reformer burner exhaust gas and heated 
cathode exhaust gas, both of which carry water 
vapor, which is preferably at a pressure of about 
275.6 Ncm" 2 (400 psi) and a temperature of about 

io 492.5 • C (919* F) is fed into the turbine 12 through 
line 52 to provide the energy to operate the tur- 
bine. As noted previously, the turbine 12 operates 
the air compressor 10, and also operate an electric 
generator 54, which generates current thereby add- 

75 ing to the total amount of electricity produced by 
the power plant. Exhaust from the turbine 12, which 
exhaust contains water vapor, is taken to a con- 
denser 56 via line 58. The water content is con- 
densed out of the turbine exhaust in the condenser 

20 56. The condensed water is taken out of the con- 
denser 56 as a water fog in line 36, which water 
fog is taken from the condenser 56, through the 
line 36 to the anode gas stream in the anode side 
6 of the power section. Gases in the condenser 56 

25 are exhausted therefrom through condenser outlet 
line 58. 

It will be readily appreciated that the system of 
this invention is simplified due to the elimination 
therefrom of a separate water cooling loop asso- 

30 ciated with the power section, which in the prior art, 
heats cooling water to its boiling point in the power 
section to cool the cells. The system of this inven- 
tion is operable at higher pressures due to the 
absence of steam therein, and thus will produce 

35 the higher power densities at low heat rates, as set 
forth in the aforesaid 4,678,723 patent. This im- 
proved performance is achieved with the use of a 
conventionally fired reformer, and does not require 
the use of an autothermal reformer. 

40 

Claims 

1. A high pressure phosphoric acid fuel cell stack 
assembly comprising: 
45 a) a stack (2) of fuel cells for producing 

electricity, said stack including cathode 
mean (4), anode means (6), and said stack 
being formed without a separate cooling 
system; 

50 b) means (14) for delivering a pressurized 

air supply to said cathode means (4); 

c) means (34) for delivering a hydrogen rich 
fuel gas to said anode means (6) for elec- 
trochemically reacting with oxygen in the 

55 pressurized air to produce electricity and 

water; 

d) first exhaust means (52) for removing a 
mixture of oxygen-depleted air and product 
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water from said cathode means (4); 

e) means (36) for delivering a water fog 
stream to said anode means (6) for mixture 
with said hydrogen rich fuel gas, said water 
fog stream which is in the form of water 
droplets being evaporated in said anode 
means (6) to cool the stack (2); 

f) means (38) for exhausting a mixture of 
hydrogen-depleted gas and water vapor 
from said anode means (6); 

g) reformer means (22) for reforming a raw 
hydrocarbon fuel to said hydrogen rich fuel 
gas; and 

h) means (40) for delivering said mixture of 
hydrogen-depleted exhaust gas and water 
vapor to said reformer means (22) to pro- 
vide water for the reforming reaction. 

2. The stack assembly of Claim 1 wherein said 
means (40) for delivering said mixture com- 
prises first conduit means (46) for delivering a 
portion of said mixture to a reformer burner 
means (23) for combustion to provide heat for 
operating said reformer means (22) and sec- 
ond conduit means (44) for delivering the re- 
mainder of said mixture to said reformer 
means (22). 

3. The stack assembly of Claim 2 further com- 
prising a turbocom pressor (12, 10) for pres- 
surizing said air supply, and conduit means 
(46) for delivering exhaust from said reformer 
burner (23), and exhaust from said cathode 
means (4) to said turbocompressor (12, 10) to 
operate the latter. 

4. The stack assembly of Claim 3 further com- 
prising means (48) for mixing said reformer 
burner exhaust and said cathode means ex- 
haust prior to delivery to said turbocompressor 
(12, 10). 

Patentanspruche 

1. Hochdruck- 

Phosphorsaurebrennstoffzellenstape- 
Zusammenstellung, aufweisend: 

a) Einen Brennstoffzellenstapel (2) zum Er- 
zeugen von Elektrizitat, wobei zu dem Sta- 
pel eine Kathodeneinrichtung (4), eine Ano- 
deneinrichtung (6) gehort, und der Stapel 
ohne ein separates KGhlsystem ausgebildet 
ist; 

b) eine Einrichtung (14) zum Zufuhren einer 
Druckluftversorgung zu der Kathodenein- 
richtung (4); 

c) eine Einrichtung (34) zum ZufOhren eines 
wasserstoffreichen Brennstoff gases zu der 



Anodeneinrichtung (6) zum elektrochemisch 
Reagieren mit Sauerstoff in der Druckduft, 
um Elektrizitat und Wasser zu erzeugen; 

d) eine erste Ableitungseinrichtung (52) zum 
5 Entfernen einer Mischung von sauerstoffver- 

armter Luft und Produktwasser von der Ka- 
thodeneinrichtung (4); 

e) eine Einrichtung (36) zum Zufuhren eines 
Wassernebelstroms zu der Anodeneinrich- 

w tung (6) zur Mischung mit dem wasserstoff- 

reichen Brennstoffgas, wobei der Wasserne- 
belstrom, der in der Form von Wassertropf- 
chen ist, in der Anodeneinrichtung (6) ver- 
dampft wird, um den Stapel (2) zu kQhlen; 

75 f) eine Einrichtung (38) zum Ableiten einer 

Mischung aus wasserstoffverarmtem Gas 
und Wasserdampf von der Anodeneinrich- 
tung (6); 

g) eine Reformereinrichtung (22) zum Refor- 
20 mieren eines RohKohlenwasserstoffbrenn- 

stoffs zu dem wasserstoffreichen Brennstoff- 
gas; und 

h) eine Einrichtung (40) zum Zufuhren der 
Mischung aus wasserstoffverarmtem Ablei- 

25 tungsgas und Wasserdampf zu der Refor- 

mereinrichtung (22), um Wasser fur die Re- 
formierungsreaktion zu liefern. 

2. Die Stapel-Zusammenstellung nach Anspruch 
30 1, bei der die Einrichtung (40) zum Zufuhren 

der Mischung aufweist eine erste Leitungsein- 
richtung (46) zum ZufOhren eines Teils der 
Mischung zu einer Reformerbrennereinrichtung 
(23) zur Verbrennung, um Warme zum Betrei- 
35 ben der Reformereinrichtung (22) zu liefern, 

und eine zweite Leitungseinrichtung (44) zum 
Zufuhren des Restes der Mischung zu der 
Reformereinrichtung (22). 

40 3. Stapel-Zusammenstellung nach Anspruch 2, 
weiterhin aufweisend einen Turbokom pressor 
(12,10) zum Unter-Druck-Setzen der Luftver- 
sorgung und eine Leitungseinrichtung (46) zum 
Zufuhren von Ableitung aus dem Reformer- 

45 brenner (23) und von Ableitung von der Katho- 

deneinrichtung (4) zu dem Turbokom pressor 
(12,10), um den letzteren zu betreiben. 

4. Stapel-Zusammenstellung nach Anspruch 3, 
50 weiterhin aufweisend eine Einrichtung (48) zum 

Mischen der Reformerbrenner-Ableitung und 
der Kathodeneinrichtung-Ableitung vor der Zu- 
fOhrung zu dem Turbokompressor (12,10). 

55 Revendlcatlons 

1. Line batterie de piles k combustible & haute 
pression k Pacide phosphorique comprenant; 
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a) un empilage (2) de piles k combustible 
destine h la production d'electricite, cet em- 
pilage comprenant des cathode (4) des ano- 
des (6) et etant constitue sans systeme de 
refroidissement separe; 5 

b) un moyen (14) pour apporter de I'air 
comprime aux cathodes (4); 

c) un moyen d'apport (34) aux anodes (6) 
d'un gaz combustible riche en hydrogene 
pour reagir electrochimiquement avec I'oxy- 10 
gbne se trouvant dans I'air comprint, pour 
produire de I'electricite et de I'eau; 

d) un premier Schappement (52) pour V6M- 
mination d'un melange d'air epuise en oxy- 
gene et d'eau produit a partir des cathodes 75 
(4); 

e) un moyen (36) d'apport d'un courant de 
brouillard aqueux a ces anodes (6) pour 
former un melange avec le gaz combustible 
riche en hydrogene, ce brouillard aqueux 20 
qui est sous la forme de gouttelettes d'eau, 
etant evapore dans ces anodes (6) pour 
refroidir I'empilage 2; 

f) un moyen (38) pour l^chappement d'un 
melange de gaz epuise en hydrogene et de 25 
vapeur d'eau depuis les anodes (6); 

g) un moyen de reformage (22) destine a 
reformer un combustible d'hydrocarbure 
brut en gaz combustible riche an hydroge- 
ne; et 30 

h) un moyen (40) pour apporter ce melange 
de gaz d'echappement epuise en hydroge- 
ne et de vapeur d'eau au reformeur (22) 
pour fournir de I'eau & la reaction de refor- 
mage. 35 

2. La batterie de piles a combustible de la reven- 
dication 1, dans laquelle le moyen (40) d'ap- 
port de ce melange comporte un premier 
conduit (46) pour fournir une partie de ce me- 40 
lange au bruleur du reformeur (23) en vue 
d'une combustion pour fournir de la chaleur 
pour la mise en oeuvre du reformeur (22) et un 
second conduit (44) pour conduire le reste de 
ce melange au reformeur (22). as 



brOleur du reformeur (23) et des gaz d'echap- 
pement de ladite cathode avant de les appor- 
ter au turbocompresseur (12,10). 



3. La batterie de piles h combustible de la reven- 
dication 2, comportant en outre, un turbocom- 
presseur (12, 10) pour comprimer I'apport 
d'air, et un conduit (46) pour amener les gaz 50 
d'echappement depuis le brOleur du reformeur 

(23) et las gaz d'echappement venant des ca- 
thodes (4) au turbocompresseur (12, 10) pour 
actionner ce dernier. 

55 

4. La batterie de piles h combustible de la reven- 
dication 3, comprenant en outre un moyen (48) 
pour le melange des gaz d'echappement du 
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